Holopothrips molzi sp. n. (Thysanoptera: Phlaeothripidae) is described from southern Brazil inducing leaf galls on Myrcia guianensis (Myrtaceae). Field observations revealed that the numbers of this thrips were highly variable within galls, and two other insect species were recorded living in these galls: Myrciathrips variabilis Cavalleri et al. (Phlaeothripidae) and an eulophid wasp (Hymenoptera). We investigated here if morphological traits of leaf and gall and abundance of the invader thrips were correlated with the gall inducer's abundance. In order to determine the feeding habit and behaviour of M. variabilis and its interactions with the gall inducer we performed observations ad libitum and attack simulation tests on both thrips species to observe their response to possible invaders. Our results showed that leaf size is not related to H. molzi abundance, and gall size is relevant only when total numbers of both thrips species are considered. Myrciathrips variabilis was observed feeding on gall tissues, and no direct antagonistic interactions between the two thrips were recorded. The results of the behavioural tests simulating attacks were remarkably different in the two thrips species, indicating different strategies when threatened or disturbed. The interaction between the two thrips species is probably a case of inquilinism.
Introduction
About 300 species of unrelated Thysanoptera are known to induce galls, but the galling habit is almost restricted to species belonging to the family Phlaeothripidae, with only a few examples known from Thripidae (Mound 1994; Tree & Mound 2009 ). Most of these galls are induced by thrips feeding, and more than one individual usually occurs within each gall, sometimes involving thousands of thrips (Ananthakrishnan & Raman 1989; Mound 1994) . Most of the known galling thrips were described from the Asian and Pacific tropics and, except for few species descriptions and faunistic lists (e.g. Toma & Mendonça 2013) , studies on these thrips are non-existent in the Neotropics (Ananthakrishnan & Raman 1989) . The main thrips genus involved in gall-induction in Neotropical areas is Holopothrips Hood and its relatives Mixothrips Stannard and Plagiothrips Priesner. Holopothrips currently comprises 34 species, 15 of them originally described from Brazil (ThripsWiki 2016) . Literature records and examination of material deposited in museums indicate that Holopothrips is a highly diverse group in subtropical areas of South America, especially associated with plants of the family Myrtaceae. For instance, Maia (2006) lists 14 gall morphotypes that were induced by these thrips in Brazil, six of them found on plants in the Myrtaceae family. Records in the Thysanoptera collection at Universidade Federal do Rio Grande do Sul (UFRGS) reveal that Holopothrips specimens were collected from over 15 different plant species of the Myrtaceae family, with at least 12 of them bearing galls (M. Lindner, pers. obs.) .
Recently, a new species of Holopothrips was found inducing leaf galls on Myrcia guianensis (Myrtaceae) in southern Brazil (Fig. 1) , with some galls bearing from few to over 70 individuals. As stated above, the number of galling thrips inside a gall can be highly variable, however, few studies have addressed the 'causes' involved in thrips abundance inside these structures. Gall size and structure, presence of invaders, environmental conditions, the health of the host plant and the age of the gall are just a few of the numerous traits that can have an impact on the abundance of galling thrips (Ananthakrishnan & Raman 1989; Gilbert 2014) .
Inside the galls induced by the Holopothrips described here, we found a second species of Phlaeothripidae, Myrciathrips variabilis Cavalleri et al., that invades and breeds inside the galls. This association seems to be frequent in nature and very specific, since individuals of M. variabilis were never found outside the M. guianensis galls (Cavalleri et al. 2016) . However, the feeding behaviour of this invader, and its interactions with the gall inducer, remain unknown. The morphology of M. variabilis is remarkable, with the females having a robust body and enlarged fore legs bearing a stout tarsal tooth. Its general morphology resembles Androthrips ramachandrai Karny which invades Ficus galls induced by Gynaikothrips uzeli (Zimmermann), and feeds on the immature stages of the gall inducer (Melo et al. 2013) . Males of several unrelated Phlaeothripidae species exhibit enlarged fore legs, and this trait is usually linked with male competition and mating behaviour (Mound 2005) . However, the adaptative role of this character in females but not males of M. variabilis is unclear, but might be related to aggressive behaviours amongst themselves or other organisms inside the galls.
The objectives of the present study are: (i) describe a new galling Holopothrips species from south Brazil; (ii) investigate the variation in abundance of this thrips species inside the galls; (iii) assess the interaction between this new species and the invader thrips, including their behaviours under experimental gall invasion.
Host plant and galls. Myrcia guianensis varies from shrubs to trees, reaching up to 6 m tall, and is distributed from Panama to southern Brazil (Lourenço & Barbosa 2012) . It exhibits great plasticity among environments and individuals, especially in leaf size, with length varying from 1.25 cm to more than 5 cm. Holopothrips galls are particularly common in south Brazil during spring and summer, and are characterized by a rolling of the leaf margin over the lower surface and tissue hardening, forming a remarkably resistant chamber (Fig. 1) . The margin does not fuse to the leaf blade, leaving a tiny space that allows thrips to move in and out of the gall.
Collecting, measurements, and laboratory tests. Myrcia guianensis leaves containing galls were collected in February and March, 2014, at Centro de Pesquisas e Conservação da Natureza Pró-Mata, in São Francisco de Paula county, Rio Grande do Sul state (29°29'16"S 50°12'04"W).
To test if leaf and gall traits are related to thrips abundance inside the gall, we measured the length and width of each galled leaf and length of each gall using a calliper. Galls were classified according to external appearance (green galls were considered to be newer, and brown galls to be older or senescent), and presence of signs of external attack (perforations). We used only green galls for the analysis of thrips abundance. The quantitative variables were compared among them using linear correlations for simplicity, since we lack a proper understanding of causation among them. To detect if there is difference in the number of thrips between galls with or without perforations, for each of the thrips species, we compared their abundances using a MANOVA test (with ANOVAs for each species as post-hoc tests).
To determine the type of interaction between both thrips species and their feeding behaviour, the galls were opened with a scalpel, and the thrips in each gall observed ad libitum for a few minutes. After the observations, all thrips and other organisms inside the galls were recorded and fixed in alcohol 70%.
To test if the two species could fight amongst themselves or defend their siblings from possible gall invaders, simulations of attack to the gall were made through the introduction of a fine brush bristle in recently opened galls. Individuals of both species (N=83; 59 H. molzi and 24 M. variabilis) from 11 different galls were touched with a small bristle, their first reaction was registered, and later classified into five categories (Table 1) . Finally, the results from both species were compared using a chi-square test. All statistical analysis were made using the program PAST 2.17c (Hammer et al. 2001) .
Abbreviations and depositaries. All specimens studied and types are deposited in the Thysanoptera collection at Universidade Federal do Rio Grande do Sul (UFRGS), Brazil, and paratypes will be available at Australian National Insect Collection (ANIC), CSIRO, Australia.
Abbreviations used: po-postocular setae; Pronotal setae, am-anteromarginal setae; aa-anteroangular setae; ml-midlateral setae; ep-epimeral setae, pa-posteroangular setae; S1, S2 & S3-first, second and third pair of setae on abdominal tergite IX, respectively. 
Holopothrips molzi sp.n. (Figs 5ʹ10)
Macropterous female: Body uniformly dark brown, with fore tibia and all tarsi slightly lighter, red internal pigmentation present. Antennal segment I concolorous with head, II brown at base and yellowish at tip, III-VI yellow, VII yellow at base and brown at tip, and VIII brown. Fore wings pale and without median dark line; major body setae yellow, tergite X very dark medially and light brown at base and apex.
Head about 1.2 times as long as greatest width, but variation was observed among specimens from 1.1 to 1.5 times, cheeks slightly curved, eyes large but not holoptic; po acute and very small (as long as the diameter of an ocellus). Maxillary stylets retracted close to po and about 0.5 of head width apart. Antennae slender and 8- Raise the abdomen slowly Thrips slowly raises the tip of abdomen or curves it laterally.
Raise the abdomen quickly Thrips quickly raises the abdomen, curving it above the body and pointing the tube to the brush; sometimes may secret a droplet from the tube.
Attack with fore legs Thrips uses fore legs to grab strongly the brush bristle.
segmented, III with 2 sense cones and IV with 2 sense cones + 1 additional small sense cone. Mouth cone short (not reaching probasisternum) and rounded at tip. Fore tarsal hamus not enlarged. Pronotum trapezoidal and with weak lines of sculpture near margins; two pairs of long and slightly capitate setae on epimera; aa, ml and pa well developed but shorter, all with blunt apexes; am not developed or no longer than discal setae. Epimeral sutures incomplete; prosternal ferna well developed; basantra absent but sometimes faintly indicated. Mesonotum with transversally elongate reticles, metanotum with longitudinally elongate reticulation, two pairs of small median setae present. Fore wings with 7 to 12 duplicated cilia. Pelta bell-shaped with paired campaniform sensilla, with reticulate lines of sculpture covering the entire structure. Tergite II with well-defined transverse striations, which become less defined on further tergites. Tergites II-VII with three pairs of wing-retaining setae. Tergite IX setae S1, S2 and S3 finely acute; tube about 0.7 of head length and about 2.0 times as long as greatest width near base, apical width about 0.4 of basal width. Spermatheca S-shaped but not enlarged medially.
Measurements ( Larva I: About 820 microns long when distended; body colour white with small bands of reddish-orange pigment on abdomen, abdominal segments IX and X brown. Antennae 7-segmented, with segments circular to oval in shape. All dorsal setae are finely acute, with one pair of anal setae longer than the other pairs.
Larva II: Approximately 1,460 microns long when distended (range 1,200-1,740); body colour white with small bands of reddish-orange pigment on abdomen, sometimes also on thorax; abdominal segments IX and X brown. Antennae 7-segmented, segment I concolorous with head, II-VII brown, segments III-VII elongated. Three pairs of setae dorsally on head, two of them finely acute; pronotum with am and aa setae short and acute, ml long and capitate, ep and pa long and acute, and a pair of long and capitate discal setae. Anal setae acute, with one pair longer than the tube. All other setae capitate.
Pupa I: About 1,670 microns long when distended. Body colour white, with red internal pigmentation present in small granules across the body. Wing buds reaching the second abdominal segment.
Pupa II: About 1,890 microns long when distended. Body colour white, extensively filled with internal red pigment, including eyes. Wing buds reaching the fourth abdominal segment.
Material studied: Holotype female, Brazil, Rio Grande do Sul, São Francisco de Paula (S29'29"16° W50'12"04°), in Myrcia guianensis leaf-galls, 17.ii.2014 (Cavalleri, A.) , at UFRGS (Brazil).
Paratypes: 8 males, 83 females collected with holotype, from three different galls; 2 males, 9 females from same locality and plant species, 9.ix.2011 (Toma, T.); 1 female from same locality and plant species, 21.ix.2011 (Toma, T.); 1 male, 10 females from same locality and plant species, 18.iii.2014 (Lindner, M.F.). Brazil, Cambará do Sul (Aparados da Serra), 21 females in M. guianensis leaf-galls, 27.i.2013 (Cavalleri, A.) . Etymology. The species described here is dedicated to our botanist colleague Martin Molz, for his constant help in the identification of thrips host plants.
Comments. Holopothrips molzi shares with other members of the genus two essential character states, the presence of an enlarged S-shaped spermatheca in females, and the presence of an additional pair of tergal wingretaining setae. It has two pairs of epimeral setae (Fig. 7) , a character state that is shared with some other species of the genus, such as the South American H. conducans (Priesner) and H. tillandsiae Mound & Marullo, also H. chaconi Zamora et al. from Costa Rica (Zamora et al. 2015) . This characteristic, however, might not be a good indicator of phylogenetic relationship, and is known to vary within H. mariae Mound & Marullo, with some individuals bearing only one pair of epimeral setae, and others two pairs. Holopothrips molzi also differs from its congeners because males do not have pore plates on any sternite (Fig. 10) , while in other species (except H. tillandsiae) these are present at least on sternite VIII (Mound & Marullo 1996; Cavalleri & Kaminski 2007 ). This species is possibly related to other Holopothrips species that induce galls in Myrtaceae, such as H. conducans and H. jaboticabae (Hood), which have antennal segments shaped similarly to H. molzi and male pore plates small or very reduced.
The immature stages of this species are easily differentiated from immatures of M. variabilis by their body colour: H. molzi larvae have the body mainly white with red internal pigmentation forming rings around the thorax and abdomen, while the immatures of the invader are completely red in colour (Fig. 3) .
Results
We collected a total of 102 galls of M. guianensis from 95 different leaves. However, only 44 galls were considered young, 45 had at least one thrips (alive or dead) inside them, and in 28 galls at least one live thrips was detected, with H. molzi occurring in 27 of such galls. The average length of the galled leaves was 3.03 cm (±0.08 SE) and 1.17 cm (±0.03 SE) in width. The average length of the galls induced by H. molzi was 0.99 cm (±0.04 SE).
Myrciathrips variabilis was observed in 16 galls, with 15 of these bearing at least one living H. molzi. The invader was more abundant than H. molzi in 12 of the galls (Fig. 11) . Observations on the behaviour of these species strongly suggest that invaders feed on the gall tissue, and M. variabilis were never seen feeding on the galling thrips or its immature stages. Measurements of leaf and gall were performed in 93 galled leaves, and we found a positive correlation between gall length and leaf length (R=0.37, p<0.001) and between gall length and leaf width (R=0.28, p<0.01). There was also a positive correlation between gall length and total number of thrips inside the gall, but only when galls enclosing both thrips species were considered (N=13, R=0.67, p=0.01). We measured 24 out of 27 galls with H. molzi and 14 out of 16 galls with M. variabilis, but we did not find correlations between gall length and the abundance of each thrips species (R=0.29, p=0.17 for galls with H. molzi R=0.52, p=0.057 for galls with M. variabilis). There was also no correlation between the abundances of the two thrips species inside each gall (N=28, R= -0.32, p=0.10), but a negative impact of one thrips species abundance over the other was detected, as they were never both abundant within any of the examined galls (Fig. 12) .
Thirty-five out of 44 green galls were considered to test the effect of perforations on galls in the abundance of thrips. In galls with no sign of perforations (N=23), the average number of H. molzi was 10.35 (±3.75 SE) and of M. variabilis 5.65 (±1.58 SE). Galls with at least one perforation (N=12) had an average of 2.5 (±1.23 SE) individuals of H. molzi and 1.5 (±0.949 SE) individuals of M. variabilis. However, the MANOVA test indicated that this difference is only marginally significant (p=0.055), and ANOVA tests for each species had no significant values (p=0.15 for H. molzi and p=0.08 for M. variabilis).
Holopothrips molzi galls were also invaded by a non-identified species of Eulophidae wasp (Hymenoptera). Larvae of this insect were observed in two galls, and pupae or their evidences in another five galls. In one gall the larva was found together with a large amount of dead thrips, and our observations suggest that these eulophid larvae feed on H. molzi (Fig. 4) . None of the galls invaded by these wasps showed any sign of M. variabilis presence.
We observed remarkable behavioural differences between the thrips species after the simulated attack tests (χ=15.208; p<0.01). The most frequent behaviour in H. molzi was "raise the abdomen quickly" (N=27), while the most recurrent in M. variabilis was "escape" (N=14) (Fig. 13) . However, one M. variabilis female was recorded grabbing the bristles of the pencil with its fore legs and staying firmly attached to it. 
Discussion
Our results did not indicate any direct relationship between gall size and the number of either thrips species alone, but a correlation was apparent with the total number of both thrips species. This indicates that gall size has no influence on the abundance of H. molzi, thus other factors must control the number of galling thrips per gall, such as rainfall, presence of predators and parasitoids, and the period of the gall life cycle (Ananthakrishnan & Raman 1989) . This result contrasts with previous studies conducted with gall inducing thrips, where a strong positive correlation between thrips population and the size of the gall is usually present (Gopinathan & Ananthakrishnan 1986; Ananthakrishnan & Raman 1989) . However, the feeding of M. variabilis on gall tissue might also promote changes in structure and size of the gall. Indeed Ananthakrishnan & Raman (1989) pointed out that inquilines are also involved in gall initiation and development, and galls resulting from the feeding of more than one thrips species can exhibit some variation.
The lack of direct antagonistic interactions between the two thrips species does not mean that M. variabilis has no negative effect on the galling thrips abundance. In fact, the competition for space and feeding resources between H. molzi and M. variabilis is possibly high. This is supported by the fact that the number of invaders impacted the number of gall inducers, when compared to galls in which only H. molzi individuals were present (Fig. 12) .
Some thrips are specialized to invade galls or domiciles of other Thysanoptera, exhibiting a wide range of behaviours and feeding habits. Some seem to be phytophagous inquilines, as is M. variabilis. A similar biology occurs in Akainothrips francisi Gilbert et al. that invades domiciles built by Dunatothrips aneurae Mound (Gilbert et al. 2012) . Such thrips feed on plant tissues without disturbing the thrips species that originates the gall or domicile. Conversely, some invaders feed on the original occupants, such as the predatory Androthrips spp. (Varadarasan & Ananthakrishnan 1981; Melo et al. 2013) , whereas others expel or kill the gall inducing thrips, like Koptothrips species killing Kladothrips spp. and taking over their galls on Acacia plants (Crespi et al. 2004) . This diversity of habits is likely linked to the common behaviour of thrips seeking closed spaces and crevices . Such spaces provide protection against desiccation (Gilbert 2014) , and this thigmotactic behaviour could have evolved into both the galling habit and the gall invasion behaviour.
Despite sharing the same space and food resources, the behaviours of H. molzi and M. variabilis were clearly distinct when threatened (Fig. 13) . Holopothrips molzi exhibited a higher tendency to stay in the gall and defend itself by raising the abdomen and secreting an anal droplet. The same behaviour is observed in other galling thrips, including Gynaikothrips species, and other Holopothrips species (Zamora et al. 2015) . In tubuliferans, these anal secretions usually have repellent substances and are frequently used to keep predators away (Blum 1991; Suzuki et al. 2004) . Conversely, M. variabilis showed an evasive behaviour most of the time, and probably invades galls occupied by H. molzi and might abandon them when threatened or attacked. In fact, these galls should be an abundant resource for M. variabilis, and many M. guianensis trees were observed with dozens of galls occurring at the same time. However, the event where M. variabilis attacked the brush bristle using its fore legs suggests that this species uses these structures to defend itself or their siblings against invaders or enemies in some circumstances. Our observations indicate that these structures are not used to invade the gall since they can easily enter and leave them, nor to subjugate H. molzi individuals.
The hymenopteran invader observed in some galls belongs to the family Eulophidae, a family of parasitoids of mainly holometabolous insects (Gauthier et al. 2000) . This wasp apparently completes all its life cycle inside the gall and the immatures feed on H. molzi, since the galls in which they were found contained several dead thrips around the wasp larva or pupa. Two of the galls in which they were found had a large circular perforation, indicating the site where adult wasps left the gall. Although we did not observe an association between the presence of perforations and reduction of thrips abundance, the large number of perforated galls in the field indicates that these thrips are under constant selective pressure from natural enemies, and some of them are able to overcome the barrier imposed by the hard tissue of H. molzi galls. Curiously, M. variabilis and the eulophid larva were not found together in the galls examined. This raises the possibility that the invader thrips might use its fore legs to defend itself and its siblings against this natural enemy by killing their eggs or their young larva. The findings provided in this study are the first steps to better understand this complex system of interactions involving M. guianensis, galling thrips and invaders. In contrast to other studies, the leaf and gall traits examined here are not related to the abundance of galling thrips. We suggest that the abundance of inquiline thrips and predation by other insects plays a key role on the number of gall inducers in this system.
